The Germ Cell Cycle of Paramphistomum Microbothrioides, Price and McIntosh. by Sherman, Harry Joseph
Louisiana State University
LSU Digital Commons
LSU Historical Dissertations and Theses Graduate School
1955
The Germ Cell Cycle of Paramphistomum
Microbothrioides, Price and McIntosh.
Harry Joseph Sherman
Louisiana State University and Agricultural & Mechanical College
Follow this and additional works at: https://digitalcommons.lsu.edu/gradschool_disstheses
This Dissertation is brought to you for free and open access by the Graduate School at LSU Digital Commons. It has been accepted for inclusion in
LSU Historical Dissertations and Theses by an authorized administrator of LSU Digital Commons. For more information, please contact
gradetd@lsu.edu.
Recommended Citation
Sherman, Harry Joseph, "The Germ Cell Cycle of Paramphistomum Microbothrioides, Price and McIntosh." (1955). LSU Historical
Dissertations and Theses. 110.
https://digitalcommons.lsu.edu/gradschool_disstheses/110
THE GERM CELL CYCLE OF PARAMPHISTOMUM MICROBOTHRIOIDES
PRICE AND MCINTOSH
A Dissertation
Submitted to the Graduate Faculty of the 
Louisiana State University and 
Agricultural and Mechanical College 
in partial fulfillment of the 
requirements for the degree of 
Doctor of Philosophy
in
The Department of Zoology, Physiology and Entomology
Harry J fisherman 
B. S., Otterbein College, 1950 
M. S., Louisiana State University 1952
May, 1955
EXAMINATION AND THESIS REPORT
Candidate: Harry J. Sherman
Major Field: „ ,Zoology
Title of Thesis: Germ Cell Cycle in Paramphistoma microbothrioides Price and 
McIntosh
Approved:
M afor/Professor a n d  Chairman




PIKE 9 U K P E N
ACKNOWLEDGEMENT
The writer is deeply indebted to Dr, Harry J, Bennett, 
under whose direction this research has been undertaken.
He also wishes to thank the other members of his Advisory 
Committee (Drs. Bruce Boudreaux, George H. Lowery, J. 
Harvey Roberts and Henry J. Werner) for helpful advice and 

















1. Longitudinal section of mature miracidium.
2. Cross section of miracidium.
3. Germinal cell of the young sporocyst.
4. Two-celled redial embryo.
5. Three-celled redial embryo.
6. Longitudinal section of a young sporocyst.
7. Young redial embryo showing primitive epithelial 
cell.
8. The sporocyst in longitudinal section, showing 
reduction in mesenchymal cells and numerous breaks 
in the wall.
9. Sporocyst wall showing mesenchymal tissue.
10. Longitudinal section of immature redia.
11. Cross section of immature redia.
12. Longitudinal section of immature redia.
13. Longitudinal section of immature redia.
14. Germinal cell undergoing equal cleavage.
15. Cross section of a young redia showing the six
pharyngeal-cuticular cells.
16. Section of developing eye.
17. Section of developing eye.
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18. Immature cercaria, frontal section.
19. Immature cercaria showing early gut formation.
20. Germinal cell of the young redia.
21. Two-celled cercarial embryo.
22. Three-celled cercarial embryo.
23. Section of mature redia showing the release of 
cercariae.
24. Immature cercaria, frontal section.
25. Mature cercaria, sagittal section.
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ABSTRACT
This study was designed to determine experimentally 
the method of reproduction by which the amphistome, 
Paramphistomum microbothrioides reproduces. Since 
amphistomes appear more primitive and generalized than 
other members of the Digenea, a knowledge of this group is 
essential before interordinal and intraordinal phylogenetic 
relationships can be determined.
Eggs were obtained by collecting the adult worms from 
the rumina of cattle and placing them in warm water, where 
oviposition occurred. The eggs were incubated in a con­
stant temperature oven and stimulated by chilling to hatch.
The intermediate host Staqnicola cubensis was main­
tained and reared in the laboratory on terraria constructed 
to resemble the natural habitat. The snails were observed 
to survive and reproduce as long as algae were added as a 
source of food.
A detailed embryological study of the egg was attempt­
ed, but no satisfactory techniques were developed to permit 
sectioning.
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The miracidia contain eight to fourteen germinal cells 
before penetration. The miracidia after penetration trans­
form into sporocysts with no increase in the number of 
germinal cells until three to five days after infection.
The germinal cells cleave unequally to produce a two- 
celled redial embryo or equally to produce additional 
germinal cells.
The embryology of the redia was studied from the first 
cleavage to the fully formed redial stage. The germinal 
cell is set aside at the first cleavage, but it cleaves 
infrequently, adding to the somatic tissue. The digestive 
primordium begins as a group of centrally located cells. 
These later delaminate to form the gut. The pharynx forms 
anterior to these cells and arises from several large cells. 
At the posterior end of the pharynx six pharyngeal cuti- 
cular cells produce the cuticle of the pharynx. The gut 
later fuses with these cells.
The release of the cercaria was observed in sectioned 
material, as evidenced by their nearness to the redia and 
the open birth pore. The cercariae are released several at 
a time and considerable damage is inflicted on the redia 
during the process.
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The early development of the cercaria is the same as 
that of the redia. A description of the embryology of the 
cystogenous cells, intestine, excretory and nervous system, 
tail, pigmentation, eye and acetabulum is given.
The germinal cell after being set aside at the first 
cleavage, cleaves many times equally to produce a 
posterior germinal mass. This mass gives rise to an 
anterior mass, to a cord of cells connecting the anterior 
to the posterior mass, and to a cord of cells extending 
from the anterior mass to the periphery. Separation of 
these cells into additional adult structures was not 
observed.
By transferring a single redia to an uninfected snail 
an attempt was made to determine the number of cercariae 
produced by a single redia. None of the forty-three 
snails which survived the transfer showed any trace of the 
organism.
These observations uphold the theory of germinal 
lineage. At no time were maturation divisions observed or 




There are many papers in which various phases of the 
biology of trematodes are delineated, but the embryological 
phase has been largely neglected until recently.
Numerous theories have been proposed to explain the 
origin and subsequent development of the germinal cells 
contained in the larval stages of the trematodes. Brooks 
(1930) placed the many theories and interpretations of the 
germ cell cycle in the following categories: metagenesis,
heterogony, paedogenesis, extended metamorphosis and 
germinal lineage with polyembryony. Cable (1934) reviewed 
these theories and added Woodhead's (1931) hypothesis of 
polymorphism.
Steenstrup (1842, 1845) was the first to notice the 
complicated type of life history in the trematodes. On the 
basis of his observations, he explained the life cycle as a 
type of metagenesis, the alternation of a sexual with an 
asexual stage. Steenstrup's view was supported by Moulinie 
(1856), Pagenstecker (1857), Wagner (1866), Balfour (1880) 
and Biehringer (1884). This theory according to Brooks
2(1930) is not applicable to the trematodes, since germinal 
cells make their appearance in all the larval stages and a 
"vegetative" or asexual stage is absent.
The theory of heterogony was proposed by Grobben 
(1882). This theory assumes that a bisexual generation 
alternates with parthenogenetic generations and that 
germinal cells are ova that give off polar bodies and 
develop parthenogenetically. Grobben lacked factual support 
for this view, but several more recent investigators have 
claimed cytological evidence, e.g., Reuss (1903), Haswell 
(1903), Tennent (1906), Cary (1903), Ssinitzin (1911, 1931, 
1933), Faust (1917) and Sewell (1922). Brooks (1930) was 
unable to find polar bodies and pointed out that there is 
no uniformity in the descriptions of these structures by 
the above authors.
Von Baer (1866) coined the word "paedogenesis" for 
that type of reproduction wherein the larval animal becomes 
sexually mature and breeds without ever reaching the adult 
condition. Paedogenesis and "heterogony with paedogenesis", 
proposed by Claus (1889) and supported by Cary (1909), are 
eliminated by definition alone.
Balfour (1885), Leuckart (1886) and Looss (1892) 
considered the possibility of extended metamorphosis.
3Looss believed that the larval stages (sporocyst, redia and 
cercaria) are homologous and regarded them as parts of an 
extended metamorphosis. This theory received support from 
early studies on the monostomes in which a single fully 
formed redia is found at hatching in the miracidium.
The theory of germinal lineage, either with or without 
polyembryony, seems to be generally accepted at present as 
the best way to explain the method of reproduction in the 
larval stages of the trematodes. The foundation for this 
theory was laid by Leuckart (1879). Modifications of this 
theory have been proposed by Thomas (1883), Schwarz (1886), 
Dolfus (1919), Kathariner (1920), Brooks (1928, 1930),
Cable (1934), Chen (1937), Rees (1940), Ameel, Cort and 
Van der Woude (1949, 1950, 1951), Cort (1944), Cort and 
Ameel (1944), Cort, Ameel and Van der Woude (1948, 1949, 
1950a, 1950b, 1951, 1952, Cort and Oliver (1941, 1943a, 
1943b), Pieper (1953) and Van der Woude (1954).
Woodhead (1931) suggested the theory of polymorphism 
and stated that spermatozoa and ova were produced in the 
sporocyst and redia with the processes of maturation and 
fertilization occurring.- Woodhead (1954) claimed to have 
seen ova and sperm in both redia and sporocyst on slides 
prepared by other workers, but no further supporting
evidence has been brought forth.
Paramphistomum microbothrioides (identified by Bennett 
(1936) as Cotvlophoron cotylophorum but described by Price 
and McIntosh (1944) as a new species), an amphistome in the 
order Fasciolatoidea, was chosen for this study because of 
the availability of materials and because in this order the 
life cycle and the structure of the larval stages appear to 
be more primitive than in other trematode groups. Szidat
(1936) pointed out the close relationship of the families 
Paramphistomidae and Notocotylidae and placed them in the 
suborder Paramphistomata. Again Szidat (1937, 1939) noted 
similarities in the life cycles and larval stages in the 
families Psilostomidae, Fasciolidae and Echinostomidae and 
placed them in the suborder Echinostomata, under the order 
Fasciolatoidae. These revisions in taxonomy were based 
largely on the following similarities among these families: 
(1) miracidia hatch and develop in the open, (2) sporocysts 
appear as simple sacs, (3) rediae are usually well developed 
with appendages, intestine and collar. Cort, Ameel, and Van 
der Woude (1948) pointed out several additional character­
istics that indicate the primitiveness of this group:
(1) the eye-spots and pigment, suggesting a free-living 
ancestor, (2) the large size of the body of the cercaria
and the development of adult characters in this stage,
(3) the lack of special penetration organs in the cercaria 
and (4) the reduced number of individuals produced in the 
larval stages and the primitive method of reproduction 
when compared with other groups.
Cort, Ameel and Van der Woude (1948) believed that it 
would be of great interest to obtain information on the 
germ cell cycle in members of this order. In line with 
their suggestion, this investigation was undertaken to 
determine, if possible, the method of reproduction in this 
species. The only previous work reported on the germ cell 
cycle in Paramphistomidae was conducted by Cort, Ameel and 
Van der Woude (1948) and Van der Woude (1954). Their 
observations support Szidat*s opinion regarding the 
primitive nature of the family.
MATERIALS AND METHODS
The materials fox this study were obtained from the 
final host, Bos taurus, and from the intermediate host, 
Stagnicola (Nasonla) cubensis Pfeiffer. The adult worms 
were collected from the rumina of cows slaughtered at an 
abattoir in Baton Rouge, Louisiana. They were removed and 
placed immediately in warm water (40°C) to permit the 
deposition of clean eggs. At frequent intervals until the 
worms were dead, the water and eggs were decanted from the 
container and placed in a refrigerator. Fresh warm water 
was then added to the worms.
Stagnicola cubensis is an amphibious snail which is 
found in abundance on mud flats along drainage ditches in 
the vicinity of the Louisiana State University Campus. 
Snails from these ditches were maintained on terraria in a 
greenhouse. These terraria were constructed to duplicate 
as nearly as possible the natural habitat of the inter­
mediate host. Mud from the ditches was placed in wooden 
trays, 20" x 30" x 4". This mud was sloped from the sides 
toward the center, and a constant trickle of water was kept
running through the center depression to insure uniform 
moisture. It was found that the snails thrived and 
reproduced on these terraria so long as algae from the 
drainage ditches were added from time to time.
All eggs used in experiments involving the miracidium 
were removed from the refrigerator and incubated in a 
constant temperature oven, which was regulated for thirty- 
two degrees centigrade. Eggs were removed from the 
incubator on the morning of the ninth day of incubation, 
flooded with a standard reference water developed by 
Freeman (1949). They were then chilled for a period of 
approximately ten minutes at ten degrees centigrade. Under 
these conditions miracidia hatched in very large numbers 
within five to fifteen minutes. The hatched miracidia 
were then fixed in Bouin*s fixative, dehydrated with 
alcohol and embedded in paraffin for sectioning. Observa­
tions were made on whole mounts and serial sections stained 
with Ehrlick*s acid-haemotoxylin.
All observations on the sporocyst, redia and cercaria 
were made by examining snails that had been mass exposed to 
thousands of miracidia. These exposures were made by 
decanting the free-swimming miracidia into finger bowls 
containing from one hundred and fifty to two hundred snails.
After an exposure period of five or six hours the snails 
were removed and placed on terraria for further development 
of the larval stages.
Snails used for the first twenty-four hours after 
infection were placed on washed head lettuce for twenty-four 
hours before exposure to the miracidia. This step was 
found necessary as a means of cleansing the alimentary 
canal of sand grains, which interferred with sectioning.
At twelve-hour intervals after exposure, snails were 
removed from the terraria and placed on lettuce for twenty- 
four hours. The snails were then taken from the lettuce 
and carefully removed from their shells so as to avoid 
rupturing the body wall and losing any of the parasite 
larvae. Immediately thereafter the snails were placed in 
Bouin’s fixative.
The larvae were sectioned within the snail tissues, 
thereby avoiding much of the distortion that might have 
been caused by handling them individually. After dehydra­
tion with alcohol and infiltration with paraffin, each 
snail was serially sectioned at six to seven microns.
These sections were stained with Flemming’s triple stain or 




The adult Paramphistomum microbothrioides may occasion­
ally be found in great numbers attached to the inner lining 
of the rumina of cows. In lighter infections the worms 
usually occur in groups of twenty to fifty. Very seldom 
does one find only a single worm in any one place.
The adult worms are pinkish-white in color and stand 
out vividly against the dark lining of the rumen. In cows 
just slaughtered the worms are extremely active, as 
evidenced by their continuous contration and expansion and 
movements from side to side. In rumina which have lost 
most of their heat the worms become inactive and release 
their acetabular hold on the rumen. When they are placed 
in warm water, however, their activity is revived.
The worms, in general, measure from four to ten 
millimeters in length by one and a half to three milli­
meters in width. The dorsal surface is convex and the 
ventral surface is concave. The genital pore is found mid- 
ventrally about one-third of the body’s length from the
10
anterior end. Other structures visible on the external 
surface are the mouth, located at the extreme anterior end, 
and the acetabulum at the posterior end.
For a detailed morphological description of this 
species, the reader is referred to Bennett (1936).
Eggs:
The eggs of this species are usually oval with a thin 
transparent shell, but they appear brownish-yellow when 
observed under the microscope. This color results from 
yolk masses that lie within the shell. The opercular end 
is usually slightly tapered, while the opposite end is 
rounder and thicker. Bennett (1936) described a small 
projection opposite the opercular end, but at no time were 
protuberances observed in the present material. Consider­
able variation was observed in the size of the eggs, but 
all were within the range of sizes given for this species. 
Fischoeder (1903) gave the egg size as 125 to 135 u in 
length by 65 to 68 u in width. Bennett (1936) found that 
eggs range in size from 105 by 55 to 155 by 76 u. He was 
able to conclude from his observations that the age of the 
worm influences the egg size.
A detailed embryological study of the embryo develop­
11
ing within the egg was attempted in this investigation, but 
no satisfactory techniques were developed. Great diffi­
culty was encountered when sectioning was attempted. The 
shell was so hard that upon contact with the microtome 
blade it crumbled and destroyed the contained embryo.
The following substances and techniques were employed 
in an effort to find a satisfactory solution to the 
problem: concentrated hydrochloric, sulfuric and nitric
acids, hydrofluoric acid, acetic acid, carbolic acid, 
potassium and sodium hydroxide, petroleum ether, 
diethylether and calgon. The cellosolve, pyridine, 
dioxane and gelatin methods of dehydration were also tried. 
None of these substances showed any detectable effect on 
the egg shell.
Many attempts were made to remove the shell with glass 
micro-dissecting needles of a diameter of twenty-five to 
forty microns. This proved unsatisfactory with unfixed 
materials, for when the shell was ruptured the yolk cells 
and embryo became dispersed and could not be recovered. In 
eggs which were fixed to prevent dispersion, the shells 
were so hard that the small glass dissecting needles broke 
before the shell could be ruptured.
The first cleavage of the zygote was observed to occur
12
in living specimens shortly after the eggs have left the 
uterus. Some, however, have undergone the first cleavage, 
and sometimes the second cleavage, by the time of 
oviposition. Bennett (1936) observed these cleavages, and 
the present observations support his findings as to the 
inequality of division and the appearance of three small 
cells and one large cell after the second division. Ishii 
(1934) working with Fasciolopsis buski, Chen (1937) with 
Paraqonimus kellocotti. and Rees (1940) with Parorchis 
acanthus, reported that the smaller cell of the first 
cleavage was the "propagatory cell11, and the larger the 
••ectodermal cell”. Cleavage was never actually observed in 
this investigation. The vitelline cells surrounding the 
young embryo make it impossible to determine the fate of 
the cleaving cells.
The hatching of the miracidium was described in great 
detail by Bennett (1936) and Prince (1953). Prince was 
unable to observe any appreciable destruction of the mucoid 
plug before hatching. He found that upon chilling the only 
indication of the beginning of hatching was ciliary action, 




After hatching the miracidia are extremely active and 
usually swim very rapidly in a straight line. When the 
snail and the miracidium are placed together, the miracidium 
becomes highly excited, loses its straight line swimming 
pattern and begins a dance pattern in close proximity to 
the snail. Krull (1934) found that the miracidium of this 
form penetrated the head and mantle of Fossaria modicella 
within fifteen minutes. In no case during the present 
investigation was the penetration of the miracidium into 
the host tissue observed, nor was Bennett (1936) able to 
observe this phenomenon.
A detailed morphological description of the miracidium 
of this species has been given by Bennett (1936). Since 
the present investigation was primarily concerned with 
germinal development, no attempt was made to confirm 
Bennett*s description of the various systems.
The germinal cells are easily distinguished from the 
somatic cells in prepared slides by their deep affinity for 
stain, their size, and their position in the body cavity of 
the miracidium. The number of germinal cells present in 
the body cavity varied between eight and fourteen. The age 
of these miracidia was approximately uniform, for all were
killed and fixed within half an hour after hatching. 
Bennett (1936) did not state the number of germinal cells 
found in the miracidia of this species, but his pictures 
show that the number ranged between twelve and thirty-two. 
Since he did not state the age of these miracidia, one 
might assume that a long period of time had elapsed after 
hatching and that additional cleavages of the germinal 
cells may possibly have occurred. This does not seem 
plausible, however, in view of the fact that in very young 
sporocysts of this species the number of germinal cells 
also varies between eight and fourteen.
The germinal cells are generally situated in the 
posterior three-fifths of the body of the miracidium 
(Fig. 1). The nucleus measures from four to five microns 
in diameter while the total cell size ranges from seven to 
eight microns. The cytoplasm is very granular and has a 
deep affinity for eosin. The nucleolus also takes a con­
centrated haemotoxylin stain. Bennett (1936) stated 
"after being liberated into the central cavity the germ 
cells develop into germ balls by unequal cleavage. Early 
in cleavage a thin membrane encloses the developing germ 
ball." These phenomena were not observed in the present 
study, nor were germ balls ever observed; the germinal
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cells were observed to lie free in the body cavity of the 
miracidium (Fig. 2). Although they may be closely packed 
together, no delimiting membrane or attachment was ever 
seen.
Sporocyst:
Shortly after penetration into the snail, the 
miracidium sheds the ciliated plates and elongates to form 
the very young sporocyst. The point of penetration varies; 
though most young sporocysts are found in the mantle tissue, 
many are also found in the muscular tissue of the foot and 
in the adjacent blood sinuses. There is no indication 
that sporocysts migrate from one part of the snail to 
another. Although Bennett suggested that some of the 
miracidia either swim in the body fluids or are passively 
carried by movements of the liquids in the cavities of the 
snail*s body, he reported no evidence of extensive migra­
tion or tendency on the part of the sporocyst to move very 
far from the point of penetration. He noted also that 
more sporocysts develop in the mantle tissue than in any 
other, an observation confirmed by the present investiga­
tion. Cort and Oliver (1943b) found the mother sporocysts 
of the schistosome, Cercaria stagnicola, located principally
16
on the surface of the kidney and stomach of the snail host, 
with others on the surface of the uterus and nidamental 
gland, Woodhead (1936) found the sporocyst of 
Leucochloridium in the liver of the snail host, and Denton 
(1944) found the mother sporocysts of Eurvtrema procvonis 
located in the haemocoelic spaces deep between the lobes of 
the middle digestive gland.
As the elongating sporocyst grows, the body wall 
gradually becomes distinct. The walls of the sporocyst are 
composed of a thin cuticula, an epithelial layer one cell 
thick, circular and longitudinal muscles and a mesenchymal 
layer of variable thickness. The cuticula, when measured 
in matured sectioned sporocysts, is only one to three 
microns thick. Immediately beneath the cuticula a single 
layer of epithelial cells is present as evidenced by the 
nuclei, even though cell membranes are not distinguishable. 
The nuclei of this layer are extremely small, measuring 
only two to three microns in diameter. There are numerous 
dark-staining granules in the nuclei but the karyoplasm 
remains clear. The circular muscles are strongly developed 
throughout the body, and they constitute approximately five 
microns of the thickness of the body wall. The longitudi­
nal muscles are poorly developed and are hard to observe in
17
all sporocysts.
The mesenchymal layer in one-day-old sporocysts 
almost completely fills the body cavity (Fig. 6). As the 
sporocyst grows both in length and width, this layer is 
carried outward in all directions leaving a large cavity 
within its boundaries. The cytoplasm is nongranular and 
individual cell membranes can not be distinguished.
Mitotic figures are extremely rare in the mesenchymal 
layer of the sporocyst. The mesenchymal layer contains 
large nuclei and small nuclei. The large nuclei measure 
from six to eight microns in diameter and are more 
numerous than the small nuclei. A distinct nucleolus, 
usually centrally located, is present in all of them.
There are also scattered granules of chromatin throughout 
the karyoplasm. The smaller nuclei have a granular, deeply 
stained karyoplasm and measure from three to four microns 
in diameter. These cells are readily distinguished from the 
large nuclei by their difference in size and by the dark 
staining reaction of the karyoplasm.
Germinal cells, as previously mentioned, are present 
in the body of the miracidium and these remain when the 
latter metamorphoses into the sporocyst. It appears that 
the number of germinal cells present in the cavity of the
18
young sporocyst is the same as the number present in the 
miracidium.
The number of germinal cells observed in one-day-old 
sporocysts varied from eight to fourteen. There appeared 
to be no increase in the number of germinal cells in the 
transition from the miracidium to the sporocyst stage. In 
Diplostomum flexicaudum Cort, Ameel and Van der Woude 
(1951) found in general that no appreciable increase occurs 
during the transformation. In Paramphistomum 
microbothrioides an increase in germinal cells in the 
sporocyst occurs, in general, between the third and fifth 
days. The exact time of increase appearing to be influenced 
by the specific host tissue in which transformation occurs 
and also by the number of sporocysts developing within the 
host.
Sherman (1952) found that the number of rediae produced 
by a single sporocyst varies from ten to twenty-six with an 
average of sixteen. It would appear, therefore, that the 
number is not determined by the number of germinal cells 
present in the miracidium before penetration. He also 
found no apparent correlation between the size of the snail 
and the number of rediae produced by a single sporocyst.
The group of germinal cells in the very young
19
sporocyst usually remains near the posterior end. Chen
(1937) reported that the germinal cells in Paraqonimus 
kellocotti showed a series that is graded in differentia­
tion, multiplication and growth from the posterior to the 
anterior end, where the formation of germ balls takes 
place. This appears to be true in sporocysts of P. 
microbothrioides except that no germ balls are formed. 
Instead, young embryos of the next generation are produced 
in a series appearing approximately four to six days after 
infection. Van der Woude (1954) showed that persistent 
germinal masses are absent in Meqalodiscus temporatus, an 
amphistone of the frog. Cort, Ameel, and Van der Woude 
(1948) believed that the absence of a true germinal mass 
in Allassostomum parvum is correlated with the low 
production of rediae.
After a slight growth of the germinal cell, a high 
concentration of chromatin is found near the nuclear 
membrane. When the germinal cell is mature, the 
chromonemata can be seen as very fine threads which appear 
to radiate out from the large centrally located nucleolus. 
The nucleolus measures from two to four microns in 
diameter while the nucleus measures from seven to eight 
microns in diameter. The nucleolus takes a rather dark
20
stain but does not take as concentrated a stain as the 
somatic nucleolus. The cytoplasm takes a deep eosin stain, 
and many granules are dispersed throughout it.
Mitotic figures were visible in the germinal and 
somatic cells of the young embryo, but the exact 
chromosomal number was not determined (Fig. 14). Sections 
and smears of the adult testis and larval stages were 
studied. No figures that could be interpreted as matura­
tion divisions were ever encountered in the larval stages. 
It is interesting to note, however, that the nuclei of many 
of the maturing germinal cells contain two nucleoli. It is 
assumed that these cells were preparing for the initiation 
of the next cleavage division. Brooks (1930) also noted 
two nucleoli in the germinal cells of Cercariacum lintoni 
and suggested this same interpretation.
When the germinal cells are mature, the cell nearest 
the anterior end cleaves unequally to form the two-celled 
redial embryo (Fig. 4). The larger cell is the germinal 
cell. Its nucleus and nucleolus are much larger than those 
of the somatic cell. It also has more cytoplasm and 
contains more cytoplasmic granules. While this germinal 
cell remains undivided the somatic cell undergoes a second 
division to produce the three-celled embryo (Fig. 5).
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Then follows the third cleavage, which involves only the two 
somatic cells to produce the five-celled embryo. It is 
interesting to note that the embryonal cells begin to show 
growth, or an increase in size, immediately after each 
cleavage and that the embryo very early becomes larger than 
the germinal cell from which it arose. After the division 
of the four somatic cells, one of the larger resulting 
cells migrates to the edge of the young embryo and begins 
the formation of a limiting membrane, or primitive 
epithelium. As development proceeds beyond the ten-to 
twenty-celled stage, the fate of the somatic cells becomes 
extremely difficult to ascertain; however, the germinal 
cell remains distinct, because of its size and staining 
reaction.
When the redia is released, its structure is more 
complex than that of the sporocyst in that it possesses a 
digestive system and birth pore. The digestive tract con­
sists of a mouth, pharynx, esophagus and rhabdocoel 
intestine. Like the sporocyst the redia possesses a 
nervous system, excretory system and a group of so-called 
salivary glands.
It seems odd that in none of the sectioned material 
was a redia in the process of being released from the
22
sporocyst. Bennett (1936) found the same situation and 
assumed that the redia breaks the sporocyst wall at the 
anterior end and is released into the snail tissue.
Three to four weeks after infection, the cells of the 
sporocyst wall begins to degenerate. After a marked 
reduction in the mesenchymal tissue, the sporocyst wall 
becomes extremely thin and begins to break down. Figure 9 
shows a sporocyst with a thick mesenchymal lining while 
Figure 8 represents one in which a great reduction in 
thickness has occured. In Figure 8 one can see immature 
rediae still within the sporocyst, even though the walls 
are ruptured in several places. Sometimes one to three 
rediae are all that remain in the sporocyst cavity and yet 
no breaks are evident.
Redia:
As stated above, the germinal cells in the sporocyst 
cleave unequally to produce the two-celled redial embryo 
(Fig. 4). The larger cell, the cell of the germinal line, 
is not involved in the next cleavage division. The smaller 
cell cleaves twice producing a five-celled embryo. At 
about the third or fourth cleavage of the somatic cells, 
the germinal cell begins to cleave unequally and
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infrequently, adding the smaller cells to the somatic mass. 
After the fourth cleavage one of the larger somatic cells 
migrates to the periphery to form the primitive epithelium. 
The latter can be found consistently in embroys of ten to 
twenty cells (Fig. 7).
As the redia continues to grow beyond this stage, the 
body wall begins to form. In the redia just prior to 
release from the sporocyst the body wall is fundamentally 
the same as that of the sporocyst; a thin cuticula is 
followed by epithelial, muscle and mesenchymal layers. The 
number of nuclei is usually smaller in the mesenchymal 
layer of a mature redia than in the mesenchymal layer of 
the mature sporocyst.
The digestive primordia can first be recognized as a 
group of centrally located cells (Fig. 10). Soon after 
these cells make their appearance, a delamination occurs 
and the lumen of the digestive tract becomes visible. This 
delamination continues until a circular cavity is formed 
(Fig. 11). With continued growth the gut extends in an 
antero-posterior direction until the posterior end almost 
reaches the extreme posterior end of the body wall. The 
anterior end of the gut grows forward and approaches the 
pharyngeal cells but does not fuse with them until later in
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development. The lumen at this time is usually very narrow. 
The gut wall is one cell in thickness, and the nuclei in 
this wall measure five to eight microns in diameter. Cell 
boundaries are difficult to distinguish and it is not 
certain that they are present.
Anterior to the gut, several cells can be observed 
which will later give rise to the pharynx. Bennett (1936) 
stated that TIFollowing this stage [jthe gut] assumes the 
appearance characteristic of it in the mature redia. The 
pharynx becomes definite in shape, a basal membrane 
develops around it and the intestine, and muscle fibers 
begin to develop in the pharynx.11 He further stated, 
•’pharyngeal cuticula cells grow forward through the lumen 
of the pharynx but do not entirely occlude it. The cells 
are united at their anterior ends, forming a cap which 
closes over the lumen.”
The present observations support Bennett’s findings 
in regard to the formation of the pharynx and pharyngeal 
cuticula cells. However, the cap formation was never 
observed. Figure 15 is a camera lucida drawing of a cross 
section through the posterior part of the pharynx, showing 
the six pharyngeal cuticular cells.
Bennett reported that "... with the formation of the
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pharyngeal cuticula, six other cells, which are designated 
as esophageal cells, become differentiated at the anterior 
end of the intestine." The present observations again 
support those of Bennett, except that the six cells appear 
to be the anterior cells of the gut (Fig. 13). These cells 
join with the pharyngeal cuticula cells and complete the 
formation of the digestive system.
The nervous system is located dorsal and lateral to 
the esophagus and forms at about the same time as the 
excretory and digestive systems. Bennett could not 
determine the distribution of the nerves, nor was it 
possible to do so with the present material, though nerve 
cells and their processes were observed in the region 
where Bennett located the central mass. The nuclei of 
these nerve cells measured three to five microns in 
diameter and contained many small granules of chromatin.
In the immediate vicinity of the brain the salivary 
cells may be found. Bennett working with this species 
found forty cells which opened anteriorly into the buccal 
cavity and believed them to be salivary in nature. The 
connection of these cells with the buccal cavity was con­
firmed in the present material, but no attempt was made to 
determine their specific number or function.
In redia in which the gut has begun to form the 
germinal cells may be found just posterior to it in the 
small redial cavity. As the redial embryo begins to grow 
and elongate, the redial cavity enlarges and the germinal 
cells remain in the posterior end of the rapidly enlarging 
redia. As this growth progresses, the most anterior 
germinal cells cleave unequally to produce the two-celled 
cercarial embryo (Figs. 8 and 21), while the most posterior 
ones cleave equally to produce additional germinal cells.
In developing rediae there appear to be sporadic bursts 
of mitotic division in the mesenchymal tissue. On 
numerous occasions almost all the cells of an entire embryo 
seem to be undergoing division. The sporadic nature of 
this activity may explain why some authors have said that 
mitotic figures are rarely seen in the somatic tissues.
In many cases it is possible to see mature germinal cells 
and redial embryos from the two-celled stage to apparently 
full sized redia in the sporocyst cavity, and mature 
germinal cells along with a graded series of developing 
cercarial embryos within the redial cavity. In mature 
sporocysts containing rediae one is able to count as many 
as ten developing cercariae in some of the contained rediae.
As the rediae continue to develop they are apparently
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forced farther and farther forward in the sporocyst cavity. 
In figures 8, 10, 11, 12 and 13 one can see the progressive
development of the gut. Generally, the pharynx and gut are
fully developed before the rediae are released. The stage 
of development at which release occurs appears to vary. In 
several cases released rediae contain only two or three 
developing cercariae, while other rediae still within the 
sporocyst contain as many as ten cercariae. The size of 
the released and unreleased embryos also varies.
After leaving the sporocyst the rediae migrate toward 
the liver. In sectioned material they are found at various
places between the point of release and the apex of the
snail, where they seem to concentrate. In no case in the 
present studies did the staining reaction of the rediae 
contained in the sporocyst indicate that the redial gut was 
filled and functioning; but in all cases where rediae were 
located in the host tissues outside the sporocyst, the 
staining reaction indicated that the gut was filled with 
tissue fluids from the snail host. Never, however, did it 
contain ingested solid materials.
How long the rediae are able to produce cercariae 
after release was not determined in this investigation.
Four to five weeks after infection the majority of the
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mature rediae contained ten to fifteen developing cercariae, 
while some contained as many as twenty.
In an attempt to determine the actual number of 
cercariae produced by a single redia, the following experi­
ment was made. Snails which had been infected for 
approximately four weeks were dissected to obtain free 
rediae from the host tissue. One of the free redia was 
then picked up with a curved glass micropipette and insert­
ed underneath the shell into the tissues of an uninfected 
snail. Pressure was then applied to the pipette by the 
mouth or a rubber bulb, forcing the redia into the host*s 
tissues. One week later twenty of the one hundred snails 
so treated were removed from the terraria and sectioned.
Four weeks after the redial transplants, twenty-three 
snails were surviving. These were dissected with sharp 
needles. In none of the forty-three snails which lived 
through the experiment was any infection found.
The failure of these transplants to take might be 
attributable to several factors. First, the rediae may 
possibly have been contaminated with bacteria. Second, the 
snails may have had a higher resistance against the 
injected rediae than against the miracidia. It would be of 
interest to see whether miracidia could establish themselves
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in the host under similar conditions of transfer. Third, 
the rediae may not be able to adjust to the changed 
environmental condition. Fourth, it could have been that 
the rediae suffered traumatic injury (pressure, rupture) 
from which they were unable to recover. The instruments 
employed in this attempt were very crude and could 
definitely be improved.
Cercaria:
The development of the cercaria was followed from a 
mature germinal cell through the early cleavage stages to 
the mature condition. The formation of the early 
embryonic stages are basically the same as those in the 
redia. The mature germinal cell (Fig. 20) in the redial 
cavity cleaves unequally to produce the two-celled 
cercarial embryo (Fig. 21). The smaller cell cleaves 
producing two somatic cells while the germinal cell 
remains the same (Fig. 22). The third cleavage division 
again involves only the somatic cells, producing a five- 
celled embryo. After the next cleavage division one of the 
larger somatic cells moves to the periphery of the cell 
mass, as in the redia, and later flattens to form the 
epithelium. The germinal cell was not observed to cleave 
until much later.
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The cercaria usually acquires most of its structure 
while still within the redia. A graded series of develop­
ing cercariae from the germinal cell to a stage ready for 
release can be observed in a single redia.
The first structure which appears is the primitive 
epithelium, which completely surrounds the young embryo 
between the ten- and twenty-cell stage. The formation of 
the epithelium proceeds much as in the redia. The cell 
that forms the epithelium becomes flattened and stains 
intensely. Bennett (1936) was unable to distinguish 
nuclei in this layer after the cercaria reached sixty 
microns in length. The embryos very early assume a 
spherical form. This shape is retained for only a short 
time; the embryos usually change to an ovoid form as 
development continues.
The next structures to appear are the cystogenous 
gland cells. The nuclei of these cells in the early 
developmental stages take an intense stain and show 
numerous chromatin granules. Bennett (1936) observed these 
cells and found that they measure eight to ten microns with 
nuclei from six to seven microns. The present observations 
confirm his descriptions and measurements.
Soon after the cystogenous cells are recognizable,
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they appear to arrange themselves in tiers just below the 
epithelium. This arrangement is retained throughout the 
complete development and becomes very evident when the cells 
begin to secrete granules after the birth of the cercariae.
As the cystogenous cells arrange themselves in tiers, 
the digestive and excretory primordia of the cercariae 
make their first appearance. The present study failed to 
determine the specific origin of the excretory system and 
other details of the embryology. Looss (1892) was able to 
observe flame cells in Diplodiscus subclavatus at a 
corresponding stage in development, but Bennett (1936) was 
unable to observe them at this stage in P. microbothrioides. 
The first indication of the excretory system in the present 
study was the formation of a group of cells on each side of 
the mid-line, extending from the posterior to the anterior 
end of the embryo. With further development each group of 
cells became rearranged to form a duct on each side, each 
of which had a posterior opening (Fig. 18).
The embryonic digestive tract is first recognized as a 
group of cells centrally located in the young embryo. Soon 
after this group of cells appears, a delamination occurs to 
form the lumen of the intestine. This formation is 
slightly different from the corresponding process in the
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redia in that the lumen seems to be a mere slit rather than 
a circular cavity. Anterior to this group of cells one can 
see another concentration of cells which soon shows a 
delamination to form the lumen of the oral sucker (Fig. 18). 
Bennett (1936) observed that the anterior lumen is that of 
the oral sucker and the posterior lumen that of the 
rhabdocoel intestine.
In the present study no invagination was observed in 
the formation of the oral sucker. The concentration of 
cells which surrounds the lumen eventually gives rise to 
the highly cellular oral sucker. A distinct membrane can 
be seen separating the cells of the oral sucker from the 
other somatic cells. The fully formed sucker is not present 
until after birth. Shortly after birth in the more mature 
stages several small nuclei can be observed lying next to 
the lumen. The origin of these nuclei has not been 
determined, but their function appears to be the formation 
of the oral cuticula as described by Bennett (1936) in the 
redia.
In Figures 18, 19 and 24 one can see the progressive 
development of the digestive tract. Soon after the 
delamination the central mass splits to form the bifurcate 
digestive tract. The cells of the caeca continue to grow
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posteriorly until they almost reach the posterior body wall. 
However, at no time were openings observed in the cercaria.
The digestive primordia, primitive epithelium, 
excretory system and cystogenous gland cells can all be 
recognized before birth. Additional structures character­
istic of fully developed cercariae, such as eyes, pigment, 
nerve cells, acetabulum and tail, can not always be 
recognized in the unborn cercaria.
On several series of sectioned snails cercariae were 
observed in the immediate vicinity of a large redia. It 
may be safely assumed that the cercariae are released 
through the birth pore, which is located ventrally near the 
anterior end. The cercariae were observed to be released 
several at a time instead of singly as was originally 
thought. In one case as many as five new-born cercariae 
were observed. The five varied in development with the 
most mature having the digestive tract well developed, 
while the youngest appeared to consist of only about one 
hundred cells. None appeared to be degenerating and all 
gave indications that development would have proceded 
normally. The stage of development at the time the 
cercariae are released, therefore, appears to be extremely 
variable. Indeed, almost as much variation is observable
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in the development among the cercariae free in the host 
tissues as among the cercariae still contained within the 
redia. The method of release possibly accounts for this 
wide variation. It appears that, so long as the primitive 
epithelium has formed, the embryo can develop. This would 
seem to indicate that the primary function of the sporocyst 
and redia is merely to form a sac to confine the germinal 
material.
When the cercariae are born considerable damage is 
inflicted on the redia. In some cases the gut is pulled 
along with the cercaria to the outside (Fig. 23); however, 
in the present study no rupture was seen in the gut. Since 
the rediae are now known to give birth to several cercariae 
at one time, the observed lack of well-developed cercariae 
in mature rediae can be accounted for.
Most cercariae are born at such a stage of development 
that the next organs to appear are the eye spots, although 
in some cases the eye rudiments are present before birth. 
These structures usually appear at about the same time as 
the tail. Looss (1892) and Bennett (1936) pointed out that 
three cells give rise to the eye, one to the pigment cell 
and the other two to the lens. The two lens cells were 
observed in this study to be just beneath the cuticula and
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directly above the pigment cell (Fig. 16). Nerves could be 
traced to the eye in some cases, but they were not distinct 
enough to permit one to determine whether the eye v/as of the 
direct or indirect type. As the pigment increased it 
extended toward the body wall to form a cup-like structure 
around the lens (Fig. 17).
The tail rudiment appears as the result of a circular 
constriction near the posterior end of the body, and the 
rudiment apparently contains both of the primitive 
excretory openings. Growth of the tail rudiment results 
mostly in an increase in its length, but there is also a 
slight increase in diameter. The excretory ducts likewise 
increase in length, and although the union was never 
observed, the two lateral ducts come together to form a 
single median duct which extends almost the entire length 
of the tail; but they retain their identity as two 
separate ducts near the posterior tip of the tail where 
they connect with the laterally placed embryonic openings.
Bennett (1936) reported that an excretory pore is 
formed dorsal to the union of the caudal and lateral 
excretory ducts. He further stated that the posterior ends 
of the lateral ducts become situated more posteriorly, 
resulting in the formation of the bladder. The same thing
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appears to be true in the present material, but it is 
extremely difficult to follow the ducts in sectioned 
material, for they are very small. The dorsal excretory 
pore v/as observed (Fig. 25) in the present study. The fact 
that it is lined by cuticula seems to substantiate 
Bennett’s (1936) postulation that the pore is formed by 
invagination.
The tail consists of a cuticula, an epithelial layer, 
circular and longitudinal muscles, a mesenchymal layer and 
excretory ducts. Nerves were searched for in this 
structure, but at no time v/ere they found. The circular 
and longitudinal muscles are strongly developed, making the 
tail a strong propulsive organ.
The nervous system of the cercaria is first recognized 
as two groups of darkly staining nerve cells just lateral 
and posterior to the anlage of the oral sucker. Later these 
form two ganglia, one located on each side of the esophagus, 
which are connected by a dorsal commissure. Bennett (1936) 
was able to trace several small nerves a short distance 
from each ganglion, and Looss (1892) was able to trace them 
much farther in Amphistomum subclavatum. Rees (1940) 
traced the nerves from the ganglia in Parorchis acanthus 
and showed three anteriorly directed branches which
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supplied the anterior region and two lateral cords extending 
back to the acetabulum.
In the present investigation the lateral nerve cords 
were observed to extend from the ganglia to the posterior 
end of the body. It was seen that a dorsal commissure 
connects the two ganglia and that several small nerves enter 
the ganglia from the eyes. No anterior branches of the 
nervous system nor cross connections between the posterior 
cords were visible.
From the pigment cell of the eye, shortly after the 
cercaria is born, finger-like projections of pigment begin 
to spread over the entire surface of the body. Bennett
(1936) found that the pigment is about three times 
thicker on the dorsal and lateral surfaces than on the 
ventral surface. The pigmentation is very superficial and 
does not penetrate the main body structure. The body wall 
consists at this time of a thin outer layer of cuticula, an 
epithelium and a layer of pigmentation in that order; 
muscles cells were not observed in the body wall of 
cercariae. Bennett (1936) observed in living contracted 
specimens a series of clear longitudinal lines running 
parallel to each other in the cuticular layer. He 
interpreted these as folds in the cuticula. Sewell (1922),
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observing similar lines in Cercariae indicae believed that 
they might represent longitudinal muscles. No such ridges 
were observed in the material here under consideration, and 
it appears that these investigators may have been seeing a 
series of small holes on the surface which are the openings 
for the cystogenous gland cells (Fig. 25).
Shortly after the cercaria is born, the acetabulum
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makes its appearance as a mass of deeply staining cells 
located on the posterior ventral surface. In Figure 25 
the fully formed acetabulum is visible and an invagination 
has occurred to form a cup. The cup at this time is lined 
with a heavy layer of cuticula. Rees (1940) observed that 
Parorchis the free cercaria in the host tissues would 
occasionally attach to other cercariae. This was never 
observed in the present study.
By the time the acetabulum has formed, the cystogenous 
cells have secreted many rodlike structures which are 
retained within the enlarged cells and are generally 
arranged in parallel rows, in keeping with the original 
arrangement of the cystogenous gland cells. At this time 
the rods comprise most of the volume of the cercaria. As 
the rods are produced, the nuclei of the cystogenous cells 
lose their affinity for stain, giving the impression that
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the nuclei have degenerated. By close examination, however, 
the nuclei can still be found. The cystogenous cells, as 
far as could be determined, have small ducts which open 
on the surface of the mature cercaria.
The germinal cell still can be recognized as a single 
entity usually centrally located at about the twenty-celled 
stage. It has the same staining reaction as the germinal 
cells in the redia at the same stage of development. With 
further growth the germinal cell cleaves equally many times 
to produce a group of small, darkly staining cells which 
can be found consistently between the posteriorly directed 
digestive caeca, ventral to the bladder and slightly 
anterior to the acetabulum. The nuclei of this mass of 
cells stain very deeply and measure three microns in 
diameter. This mass appears to be composed of nuclei very 
closely crowded together, with little cytoplasm being 
di stingui shable.
After the germinal mass is produced a cord of cells 
extends anteriorly to form an anterior cell mass (Fig. 25). 
Another cord of cells leads from the anterior cell mass 
ventrally to make contact with the body wall at the point 
where the genital pore will develop (Fig. 25). At no time 
was the cord of cells connecting the anterior and
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posterior mass or the cord from the anterior mass to the 
periphery observed to split or form a lumen. In the mature 
cercaria the following reproductive structures were 
observed: the posterior germ mass, the anterior germ mass
and the cord connecting the posterior mass to the anterior 
mass and the anterior mass to periphery. At no time was a 
separation of the posterior mass observed to form testes, 
vitellaria, a Mehlis1 gland or a Laurer*s canal.
Bennett (1936) reported that the reproductive 
primordia consist of two large groups of cells connected 
to each other by a single cord with the posterior one 
representing the ovary, Mehlis* gland and testis. He did 
not state the fate of the anterior mass. Rees (1940) 
reported that in Parorchis acanthus, the anterior mass of 
cells will give rise to the cirrus sac, metraterm and part 
of the uterus; the connecting portion between the masses 
will give rise to vas deferens and uterus, and the poster­
ior mass of cells to the ovary, testes and vitellaria.
From Bennett *s (1936) observations on experimentally 
infected cattle, we can assume that the split of the 




Bennett (1936) observed that mature cercariae escape 
from the snail at a definite period of each day. The 
actual release of cercariae was not observed in the present 
study but when the shell of a heavily infected snail is 
ruptured in water, the released cercariae swim vigorously 
about. Very shortly, however, they cease their swimming 
and attach to any object. The cystogenous granules soon 
begin to break down and flow over the entire surface.
When the entire surface is covered with the cystogenous 
material the tail is lost. The reader is referred to 
Bennett (1936) for a detailed description of the cyst 
formation. The metacercaria appears dome-shaped in side 
view and is now prepared to enter the final host to 
complete its life cycle.
No experiments were conducted to follow the changes 
which take place from the metacercaria to the adult stage.
DISCUSSION
The observations recorded above provide a picture 
which can be interpreted as germinal lineage without inter­
ruption. This concept agrees with the view expressed by 
all present investigators except Woodhead (1931). The 
latter (1954) reported that sperm and ova are produced in 
the larval stages of Bucephalus and that examination of 
Chen's (1937) slides has shown that sperm and ova are also 
present in Paraqonimus kellicotti. His findings have not 
been confirmed by any other investigator, and at best it 
seems that the theory of polymorphism is not applicable to 
the entire trematode group.
If one looks critically at the theory of polymorphism 
and that of germinal lineage with or without polyembrony, 
both theories appear to have some foundation and to 
coincide in several places. First, both theories agree that 
sperm and ova are produced in the adult and that union of 
the two produce a zygote which develops into the larval 
miracidium. Secondly, they also agree in the conclusion 
that the cercaria is produced from a single cell, which
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contains the potentiality for both male and female organs. 
Woodhead, however, believes that this original cell is the 
result of a fusion of male and female sex products. The 
origin from a fertilized cell seems not so important when 
one considers that in both theories the original cell has 
the potentiality of producing both male and female organs 
in the adult, which might indicate a possibility of this 
potentiality in the other larval stages.
The problem thus arises: How can one be sure that
sperm are produced and the germinal cell is not an ovum?
The answer appears to be in the fields of genetics, 
cytogentics, experimental embryology and biochemistry. 
Recent investigators have been unable to find maturation 
divisions, which seems to indicate that these steps are 
missing. A search of the literature reveals that informa­
tion concerning the chromosomal morphology of the larval 
stages is very scarce. Cable (1934) found that the 
spirene in Cryptocotyle lingua breaks in two and twelve 
chromosomes migrate to each pole, indicating that the 
cells in the larval stages all possess the diploid number. 
He was unable to find sperm, ova or maturation divisions.
It would be interesting to know whether genetic 
factors determine what larval stage will be produced, or
whether it is controlled by the chemical environment. In 
this species Bennett (1936) observed daughter rediae and 
cercariae produced in the same redia when the normal appears 
to be only one generation of redia. Is it possible to 
explain this phenomenon by genetics? The presence of both 
rediae and cercariae in a single mother redia might be 
explained by assuming that a mutation has occurred. The 
latter assumption does seem plausible, for most trematodes 
higher in the phylogenetic scale produce daughter redia.
Is it possible to explain this condition by the theory of 
polymorphism? If an ovary and testis are present and 
fertilization occurs, how are we to explain the production 
of two totally different types of embryos?
It may be that the environment determines the type of 
larva produced. The problem arises immediately though, as 
to how could we investigate this possibility. Beaver
(1937) has shown conclusively in Echinostoma revolutum that 
the host or environment definitely influences the adult 
structure. If a satisfactory technique could be developed 
by which one could transfer the larval stages from one 
snail to another of the same species and to snails of 
different species, we might be able to determine the effect 
of the chemical surroundings on the larva. Would daughter
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redia be produced in such a transfer if the next generation 
is usually cercariae? The answers to these questions are 
still in the future.
Incidental observations in this investigation seem to 
indicate that none of the snails of the species Stagnicola 
cubensis possess an immunity to penetration by the miracidia 
of P. microbothrioides and that the number of miracidia 
that can penetrate the intermediate host is relatively 
unlimited. Snails observed seven days after exposure 
showed one hundred per cent infection, with a range from 
four to ten developing sporocysts in the host tissues.
Snails examined three to four weeks after exposure showed a 
great reduction in the percentage infected and never more 
than four sporocysts were observed in the host tissues.
This seems to indicate that the snail may be able to 
prevent the development of the sporocyst, thereby giving 
a negative infection when observed several weeks after 
exposure. The reduction in the number of sporocysts may be 
attributable to the host*s reaction, or the developing 
sporocysts may be influenced in some way by the presence of 
other sporocysts. In the snails examined four weeks after 
exposure, however, it appears that the primary factor in 
this reduction in number is the exhaustion and degeneration
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of sporocysts.
Szidat (1936) in assuming that the Paramphistomidae 
probably represents the most primitive digenetic family is 
supported by this investigation. The absence of germinal 
masses and the limited production of larval forms all seem 
to fit into the general pattern described by him; however, 
in the author*s view the limited production of larval forms 
should not be used too conclusively until experiments have 
been conducted, using single infections, to determine as 
accurately as possible the number produced. In this 
species Bennett (1936) estimated that the number of 
cercariae produced was probably two hundred and twenty-five 
and Taskahashi (1928, cited from Bennett, 1936) found the 
number in Paramphistomum cervi to be about one hundred and 
eighty. Sherman (1952) found, in experiments designed to 
determine the number of rediae produced from a single 
sporocyst of P. microbothrioides. that the number ranged 
from ten to twenty-six, with an average of sixteen. If 
Bennett*s (1936) assumption is correct that each redia 
produces approximately twenty-five cercaria, the total 
number of cercariae from each rairacidium would then range 
from two hundred and fifty to six hundred and fifty, with 
an average of four hundred. If the number of cercariae
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produced by a single infection or a single redia could be 
determined accurately, this particular concept might not 
be as valid as it first appears.
It can possibly be admitted that the method of repro­
duction found in the trematodes is one of the most unusual 
and varied in the invertebrate group. Many theories have 
been proposed to explain this unusual reproduction. The 
diversity of opinions and observations by various workers 
caused Cable (1934) to state that the germinal cycle of 
trematodes can be explained only by a hypothesis based on 
the phylogeny of the Digenea. Since the amphistomes are 
considered the most primitive member of the Digenea, a 
careful and complete analysis of this group is essential 
before similarities and variations can be explained in the 
groups higher in the phylogenetic scale. In the present 
report on P. microbothrioides the theory of germinal 
lineage without interruption can be applied. The germinal 
cells in the sporocyst cavity are the result of germinal 
cells present in the miracidium.
At no time was the process of internal budding from the 
body wall of the sporocyst or redia observed. Since the 
process of internal budding is lacking in P. microbothrioides 
the theory of metagenesis cannot be applied to this species.
Cable (1934) stated that the validity of the concept of 
heterogeny depends on the demonstration of definite matura­
tion phenomena in the germ-cells giving rise to daughter 
sporocysts, rediae and cercariae. Maturation divisions were 
never observed in the germinal cells in this investigation 
and one can therefore conclude that maturation divisions 
are missing and the theory of heterogeny does not explain 
reproduction in P. microbothrioides. Woodhead*s theory of 
polymorphism does not explain reproduction in P. 
microbothrioides for at no time was an ovary, testis or 
maturation divisions observed in the larval stages.
Although the present author has shown that the theory 
of germinal lineage applies to P. microbothrioides he does 
not feel that future investigation should be limited to the 
description of the reproductive phases. Reproduction has 
been investigated extensively in enough groups to lay the 
basis foundation; however, the stimuli and factors control­
ling this reproduction are unknown. What is the function 
of the sporocyst and redia? Is it possible to remove a 
developing redia from the sporocyst and transfer it to an 
uninfected snail? How small an embryo can be transferred? 
Could a single germinal cell develop under such conditions? 
What would these transferred rediae produce, daughter rediae
ox cercariae?
If the above questions could be answered, we might be 
able to explain more fully reproduction and phylogeny in 
the digenetic trematodes.
SUMMARY AND CONCLUSIONS
Studies have been made of the germinal development 
and embryology of P. microbothrioides. Material was 
obtained from the final host Bos taurus, and experiment­
ally infected snails (Stagnicola cubensis).
A detailed embryological study of the miracidium was 
attempted but no satisfactory techniques were found to 
complete the study. In the free-living miracidium eight 
to fourteen germinal cells are located in the central 
and posterior part of the body.
After the miracidium has penetrated the snail, it 
becomes fixed in the host tissues at the point of penetra­
tion and transforms into the sporocyst. The number of 
germinal cells present in the one day old sporocysts 
appears to be determined by the number of germinal cells 
present in the free-living miracidium. An increase in the 
number of germinal cells occurs three to five days after 
exposure. No germinal masses were ever observed. Four to 
five weeks after infection the sporocyst disintegrates and 
is absorbed by the snail host.
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The mature germinal cells in the sporocyst cavity 
cleave unequally to produce the two-celled redial embryo. 
With repeated cleavage of the smaller (somatic) cell and 
infrequent cleavage of the larger (germinal) cell the 
redial embryo is formed. The digestive primoridium is 
first recognized as a group of centrally located cells which 
later delaminate and extend in an antero-posterior direc­
tion to form the rhabdocoel intestine. Several cells 
anterior to the gut cells give rise to the pharynx. At the 
posterior extremity of the pharynx, six pharyngeal 
cuticular cells produce the cuticle which lines the 
pharynx. The gut later fuses with the pharyngeal cuticular 
cells, forming a complete functional digestive system.
The cercaria in its early developmental stages is 
similar to the redia. With continued growth the cystogenous 
cells appear and arrange themselves in tiers beneath the 
cuticula. The excretory system at this stage makes its 
appearance as two groups of cells, one located to each 
side of the mid-line. These later delaminate to form the 
primitive excretory system with external openings. These 
primitive openings are apparently retained as the openings 
of the median duct of the tail.
The development of the eye-spots, pigmentation, tail,
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acetabulum and nervous system were followed.
Cn several occasions cercariae just released from the 
redia were observed in sectioned material. The cercariae 
are released in various stages of development and multiple 
births appear to be the usual method of release. The 
cercariae are born through the birth pore, but considerable 
damage appears to be inflicted on the redia during the 
birth process.
In the cercariae the germinal cell cleaves many times 
to produce a posterior germinal mass. This mass later 
gives rise to an anterior mass, to a cord of cells connect­
ing the anterior and posterior mass, and to a cord of cells 
from the anterior mass to the surface of the body at which 
point the genital pore will develop. At no time was a 
separation of these cells observed to form ovary, testis, 
vitellaria, Mehlis* gland or reproductive ducts in the 
mature cercariae.
From these observations the theory of germinal lineage 
can be applied to this amphistome. At no time were matura­
tion divisions observed. Nor was there any observation to 
indicate that sperm and ova are produced in the larval 
forms.
An attempt was made to determine the number of
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cercariae produced by a single redia by transferring a 
single redia from an infected snail to an uninfected snail. 
In forty-three snails which survived the transfer no 
evidence of the transferred redia or released cercariae 
was found.
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EXPLANATION OF PIATES
All drawings were made with the aid of a camera lucida.
Abbreviations Used
A........................acetabulum
Acm ............... anterior cell mass
B ........................pigment cell
Be...................... body cavity
C2............... ........two celled cercarial embryo



















Pcc..................... pharyngeal cuticular cell
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Fig. 1. Longitudinal section of mature miracidium. X-500.
Fig. 2. Cross section of miracidium. X-575.
Fig. 3. Germinal cell of the young sporocyst. X-2200.
Fig. 4. Two-celled redial embryo. X-2000.
Fig. 5. Three-celled redial embryo. X-2200.
Fig. 6. Longitudinal section of a young sporocyst. X-650.
Fig. 7. Young redial embryo showing primitive epithelial
cell. X-1250.
FI0. 3
Fig. 3. The sporocyst in longitudinal section, showing
reduction in mesenchymal cells and numerous breaks 
in the wall. X-750.

Fig. 9. Sporocyst wall showing mesenchymal tissue. X-1300. 
Fig. 10. Longitudinal section of immature redia. X-565
Fig. 11. Cross section of immature redia. X-800.
Fig. 12. Longitudinal section of immature redia. X-715.
Fig. 13. Longitudinal section of immature redia. X-875.
FI&. 13
Fig. 14. Germinal cell undergoing equal cleavage. X-1900.
Fig. 15. Cross section of a young redia showing the six
pharyngeal-cuticular cells. X-300.
Fig. 16-17. Section of developing eye. X-666.
Fig. 17. Section of developing eye. X-666.
Fig. 18. Immature cercaria, frontal section. X-400.
Fig. 19. Immature cercaria showing early gut formation.
X-445.
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Fig. 20. Germinal cell of the young redia. X-1600.
Fig. 21. Two-celled cercarial embryo. X-2000.
Fig. 22. Three-celled cercarial embryo. X-2000.
Fig. 23. Section of mature redia showing the release of
cercariae. X-447.
Fig. 24. Immature cercaria, frontal section. X-300.
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